This paper presents a simple methodology to evaluate the stiffness and damping coefficients of an engine bearing over a load cycle. A rapid technique is used to determine the shaft 'limit cycle' under engine dynamic loads. The proposed theoretical model is based on short and long bearing approximations. The results obtained by present approximation are compared with those obtained by numerical method. The influence of thermal effects on the stiffness and damping coefficients is predicted by using a simplified thermal analysis. In order to illustrate the application of the proposed scheme, one engine main bearing and a connecting rod bearing are analysed.
INTRODUCTION
The most convenient way to analyse a complete system is to divide it into separate sub-systems or sub-structures (Parszewski, 1989) , analyse each sub-system individually with less time-consuming methods, and then assemble into the whole system. In the present paper the journal bearing is treated as a sub-system of internal-combustion engine, and a semi-analytical method is proposed to evaluate dynamic characteristics of such a journal bearing subjected to dynamic load.
The principal bearings in internal combustion engines support the large dynamic loads. The gas force due to combustion/compression pressure in the engine cylinder and inertia forces due to reciprocating and unbalanced rotating masses contribute to the engine bearing loads. These loads vary markedly during a cycle of the crankshaft rotation. Under such dynamic loads, the behaviour ofthe rotor-bearing system becomes non-linear and to study rotor-bearing dynamics a complete nonlinear transient simulation is used. Such an analysis involves the simultaneous solutions of dynamic Reynolds equation and equations of motion, for locating the journal centre at each time step.
and equations of motion involve many iterations and are expensive in skill and time. The other analyses (Booker, 1971; Ritchie, 1975) (Hirani et al., 1998) , wherein analytical pressure expression was proposed to eliminate the need of time-consuming and tedious iterations for pressure calculations. A two-dimensional non-linear root finding Newton-Raphson method with globally converging strategy was applied to evaluate the velocity of rotor-centre at each time step. The journal displacement at next time step was determined by using Runga-Kutta method. The results obtained match well with those using FEM (Goenka, 1984) at much less computation cost.
The knowledge of hydrodynamic damping and elastic properties of the journal bearing is desirable for accurate determination of the critical speeds of crankshaft and for the anticipation of its behaviour in the neighbourhood of such speeds. Moreover, it is very important to examine how dynamic coefficients vary in a crankshaft cycle. If this could be observed, it would be useful for analysis of engine vibrations. Unfortunately, the constant values of stiffness and damping coefficients have received more attention, and variation in these coefficients is neglected in vibration analysis of crankshaft. Obviously, one reason for this is the numerical methodology, which takes hours of execution time, and no reliable closed-form solutions are available in literature. This paper provides a conceptually simple and rapid means for calculating the stiffness and damping coefficients at each time step.
The stiffness and damping coefficients of oil films do not explicitly appear in the governing equation of non-linear system analysis. The dynamic coefficients can be determined by using Reynolds equation with a first order pressure perturbation (Lund and Thomson, 1978) . This gives five equations, one for pressure and other four for partial derivatives of pressure with respect to rotor displacement and velocity components. The journal velocities and displacements can be determined by solving first equation (Reynolds equation without perturbation) with equations of motion by using authors' (Hirani et al., 1998) , or any other (Booker, 1971; Ritchie, 1975) P P' + PxAx + PyAy + PkAk + P:oA. (2) Similarly, the film thickness" h h' + Ax cos 0 + Ay sin 0, h' C(1 + e cos 0').
Substituting Eqs. (2) and (3) 
'2 cos 00z,
The journal velocities and displacements at a particular instant (where external force can be assumed constant) can be evaluated by solving Eq. (4) along with equations of motion by using technique mentioned in (Hirani et al., 1998 (5)- (8).
In this study a new approach is presented for evaluation of dynamic coefficients. This technique requires solutions for short and long bearing approximations. The short bearing approximation, which is commonly used (Hattori, 1993) in practice, neglects the oil film pressure gradients in the circumferential (0) direction, and the partial derivatives of pressure with respect to displacement and velocity components can be derived for short bearing as:
Similarly, the partial derivatives (Px, P,, P, and P2) for long bearing approximation can be derived from Eqs. (5)- (8) 
The analytical expressions for pressure derivatives given in Eqs. (9)- (12) (17) with respect to z can be given as:
Iz,, The stiffness and damping coefficients can be presented as:
Iz,(,--,) sin0 Bny
The integrations with respect to 0 can be determined by using Weddle's integration formula.
THERMAL ANALYSIS
The mechanical friction losses in an engine journal bearing are due to shearing of the oil film and generation of pressure due to hydrodynamic and squeezing actions. These losses, appear as heat, raise the temperature of the lubricant within the clearance space, lower its operating viscosity, increase relative eccentricity and therefore affect the dynamic coefficients.
The instantaneous mechanical power loss in a lubricant film arises chiefly from rotational and translational velocities of the journal relative to the bearing and to some extent by pressure generation in film. The shear and squeeze power loss can be given as: Power loss IHShearl-t-Igsqe[.
A major portion of generated heat is dissipated through the lubricant (convection) and transmitted by the lubricated surfaces (conduction). For simplicity either the heat conducted is neglected (Barwell and Lingard, 1980) (Hirani, 1997) and validated this assumption for steadily loaded bearing by obtaining a more realistic prediction by this assumption .
The oil flow Q, from an engine bearing involves the hydrodynamic flow QH caused by the shaft rotation and the film pressure gradient, together with the feed pressure flow Qp, which is the direct result of oil being forced through the bearing by supply pressure. Martin (1993) provided suitable combinations of QH and Qp for various feeding arrangements. In the present analysis the axial flow Q is determined by using same formulations as in (Martin, 1993 
RESULTS AND DISCUSSION
To validate the proposed approximate model for stiffness and damping coefficients, results obtained by using the present study for steadily loaded bearings (-0, -0) with LID ratio equal to 0.5 and 1.0, are compared with the results obtained by numerical results (Lund and Thomson, 1978) . In the present analysis, the properties of typical SAE 30 oil are used for thermal analysis. The Walther's viscosity-temperature relation is used, to represent the viscosity variation of this oil with temperature as follows: //; poll0 10(8s83-34389)tg(r) 0.6].
The journal orbit for journal of the main bearing obtained by using isothermal (Hirani et al., 1998) , and thermal analysis is given in Fig. 10 . The simplified thermal analysis follows same trend as isothermal case, but gives better prediction of eccentricity ratio. The temperature effects increase eccentricity ratio, which is seen in Fig. 10 Economic and environmental factors are creating ever greater pressures for the efficient generation, transmission and use of energy. Materials developments are crucial to progress in all these areas: to innovation in design; to extending lifetime and maintenance intervals; and to successful operation in more demanding environments. Drawing together the broad community with interests in these areas, Energy Materials addresses materials needs in future energy generation, transmission, utilisation, conservation and storage. The journal covers thermal generation and gas turbines; renewable power (wind, wave, tidal, hydro, solar and geothermal); fuel cells (low and high temperature); materials issues relevant to biomass and biotechnology; nuclear power generation (fission and fusion); hydrogen generation and storage in the context of the 'hydrogen economy'; and the transmission and storage of the energy produced.
As well as publishing high-quality peer-reviewed research, Energy Materials promotes discussion of issues common to all sectors, through commissioned reviews and commentaries. The journal includes coverage of energy economics and policy, and broader social issues, since the political and legislative context influence research and investment decisions. 
